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Abstract Our objective of this study is the develop-
ment of the navigation system which is used in the indoor
space(eg. underground shopping mall, hospital, etc.) and
supports activities of the visually impaired without help
of others. This system is composed of optical beacons
which are set on the ceiling and emit the position code
as infrared signal, an optical receiver which receives sig-
nal from beacons, and a navigator which guides a user
by arti�cial voice.

Three subjects with low vision werer tested in the hos-
pital with our navigation system. 49 optical beacons were
set on the ceiling, and the subject equipped with an op-
tical receiver and a navigator. Each subject walked from
the start point to the destination following the guidance
voice. From these experiment, the following character-
istics became clear. 1) On a pathway where a subject
can feel the wall, every subjects could follow the naviga-
tion voice. 2) Some subjects couldn't go across the wide
pathway straight, and then the system lost their position.
Therefore, if the problem of crossing the pathway is im-
proved, our navigation system will be a very valuable one
to support activities of the visually impaired.
Keywords- visually impaired, navigation, optical bea-
cons

I. INTRODUCTION

It is possible for the most of visually impaired per-
sons to behave in daily activities by using a white cane.
However, if they want to go unknown place, they need
the assistance of others. Therefore the navigation system
by using GPS which supports the independent activities
of the visually impaired is being developed[1][2]. A visu-
ally impaired user can get useful information from this
navigation system and can walk freely, if GPS works nor-
mally. But, this system cannot use in the indoor space,
because in these places we cannot receive the information
signal from GPS satellites.

Our objective of this study is the development of the
navigation system which is used in the indoor space (e.g.
underground shopping mall, airport, hospital, etc.) and
supports activities of the visually impaired without help
of others. This system is composed of optical beacons
which are set on the ceiling and emit the position code
as infrared signal, an optical receiver which receives and
demodulates infrared signal from optical beacons, and a
handy personal computer which is called navigator and
guides a user by arti�cial voice. Fig.1 shows the concep-
tion of our navigation system by using optical beacons.
A visually impaired user of this system carries an opti-
cal receiver and a navigator. If an user enter the service
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Fig. 2: Block diagram of an optical beacon

area of an optical beacon, the optical receiver receives
the area code from optical beacons which are set on the
ceiling, and the navigator announce the map informa-
tion and the route to the destination using pre-recorded
voice. Following these navigation, an user can reach the
destination.[3][4]

II. METHOD

Fig.2 shows the block diagram of an optical beacon.
Fig.3 shows the block diagram of a infrared signal re-
ceiver and a navigator which are equipped by a visu-
ally impaired user. As shown Fig.2, the optical beacon
which is composed of an one-chip microprocessor and a
infrared LED is very simple and small. The infrared sig-
nal which is emitted from the optical beacon is pulse fre-
quency modulated signal (carrier frequency of this signal
is 38kHz). This signal includes the information which is
composed of start code, 8 bit position code and stop code.
The generation of area code and modulation are operated
by software. A period of infrared signal is 50ms. There-
fore we can receive the area code 20 times a second. The
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Fig. 3: Block diagram of an optical receiver and a navi-
gator

Fig. 4: A picture of an optical beacon

infrared signal receiver receives and demodulates the sig-
nal from a beacon, checks up this signal with error, and
then sends position code to the handy computer which is
called the navigator. The navigator calculates the route
to the destination based on the user's position and map
information, and then guides a user using pre-recorded
voice. This navigator works on the Windows98, and guid-
ing voice is saved in the hard disks as wave formatted
�les. The communicable maximum distance between an
optical beacon and a receiver is about 6m. And this dis-
tance is proportional to the power consumption of the
beacon. In our default setting, an optical beacon can
work for about 3 weeks continuously. Fig.4 shows the
picture of an optical beacon.

III. EXPERIMENT

Three subject with low vision were studied in the hos-
pital with our developed navigation system. The round
trip route between the entrance of the hospital and the
low vision clinic was set, and 49 optical beacons were set
on the ceiling along this route. An outline map of the
testing �eld and the arrangement of optical beacons are
shown in Fig.5. Subjects equipped with a infrared sig-
nal receiver and a navigator. Fig.6 shows a subject who
equips with our system. In this picture, an infrared signal
receiver and a speaker were set on a belt of the shoulder
bag. A handy computer (navigator) was in the shoulder
bag.

Each subject walked from the start point to the des-
tination following the guidance voice which was based
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Fig. 5: An outline map of the testing �eld and the ar-
rangement of optical beacons

on the training of the walking with a white cane. All
of subjects were blindfolded and walked along right side
wall of the route with a white cane. One subject was
well trained in walking with a white cane, and other two
subjects were not experienced in using white cane.

IV. RESULTS

Form these experiment, the following characteristics be-
came clear.

1. On a pathway where a subject can feel the wall
by a white cane, every subjects could follow the
navigation voice, and the system worked perfect.

2. On occasion subjects lost the guidance voice. In
such cases, the guidance was too complex and too
long.



Fig. 6: A picture of the equipped navigation system

3. The subject who was well trained could follow the
navigation and walked perfect. However, other sub-
jects couldn't go across the wide pathway straight
(especially Area-1 and Area-2 in Fig.5). At these
places their trace were winding widely, and then
the system lost their position.

V. DISCUSSION

As mentioned earlier, on a pathway where a subject
can feel the wall, all subjects could walk following guid-
ance of the system. However, some guidance voice is too
long and complex, for example "Turn right, and then
you will �nd a bench. When you �nd the bench, you
should turn left and go straight." For these message, sub-
jects started walking before understanding the messages,
and then they bumped with a obstacle. Therefore, all
guidance messages should be simple and based on many
experiment. In this navigation system, the navigator an-
nounces some information under every optical beacons.
Not all announcements are necessary for an user who is
well trained in walking with a white cane and has a men-
tal map of the walking area. Therefore, it is necessary to
adapt navigation messages to user's walking ability. And
a mechanism which navigates only when a user demands
navigation is also necessary.

Subjects who were not experienced in walking with

white cane couldn't go across the wide pathway straight.
For example, there is a wide pathway in Area-1 (crossing
from No.11 beacon to No.12 beacon) and Area-2(crossing
from No.28 beacon to No.29 beacon) which are shown in
Fig.5. In these area, subjects cannot feel right side wall
by their cane and lost hand hold. In such cases, most
of visually impaired persons who are not experienced in
using white cane cannot walk straight. Then, at these
places, their trace were winding widely, and their po-
sition go out of service area of the navigation system.
For example, setting of braille blocks solves this prob-
lem. However, braille blocks are useful for only visu-
ally impaired persons. For other disabled persons, braille
blocks are usually obstacle. In order to solve this prob-
lem, we think that we should develop other methods, for
example, using audio guidance sounds, using directional
infrared beam which indicates the pathway to the other
side of the crossing, and so on. And now, the method
which assists the visually impaired in walking straight
by using infrared beam is experimentally developing.

VI. CONCLUSION

Our developed navigation system using optical beacons
were tested and assessed. If the problems which became
clear from experiment are improved, our system will be
a very valuable one to support activities of the visually
impaired.
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